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IRTBQDUCTIOY 



I® the field ef fire con troll on* of th* soit Important problems 
confronting the designer It that of furnishing an accurate solution for 
tho control of flro fro* fixed guns carried by an airplane flying along 
a eurrod path. In order to overcoat this problen, sights of various typo* 
have boon or are being designed , Tho typo considered la this thesis Is 
a gyro-computing , d i s turbo A-llne-of- • lght type ef gunsight . With tho 
counter case of th* gunsight he lag rigidly scrim ted te tho rtructure of 
tho attacking airplane « tho forenost prohle* lo to dotoraln* tho effect 
of any possible notion of tho coaputor case on tho Indicated eight 
prediction angle determined by the coaputor. 

An A-l eight installed in an Tft type airplane will he used in this 
project for the purpose of investigating the overall dyn^mlo characteris- 
tics of a tvo-gyT* computing system for aerodynaaio-lead pursuit courses. 
Some work of this nature has previously been don* by the Amy Air Forces 
with a P-38 type airplane at Eglln field, Florida, and by th* K.I.T. 
Instrumentation Laboratory using an A-26 airplane at the Bedford Airport, 
Bedford, Massachusetts . 

It is hoped that information obtained by this thesis will be ef 
value In the development program of tuch a computing system, as veil as 
to provide information for assessment end evaluation to the Aviation 
Armament branches of the Army and Vavy. 

In order te analyse the motion of an alrcmft which le flying along 
a curved path, thle motion is resolved into three component* about 
mutually perpendicular axes, 1.*., deflection, elevation, and cross roll. 



Sine* gyroscopic elements respond to angular velocity Input* with respect 
to inertial space, they are ueed In computer mechanisms to determine the 
deflection and elevation predicted lead angle* by proper orientation ef 
their spin axe* with reapect to the axe* ef motion of the computer cate. 
Originally It va* intended that a three-gyro (each with a single degree 
of freedom) computing gonsight he ueed to investigate the problem. Thi* 
eight had separate computer section* for motions about the elevation, 
deflection, and cress roll axes. The cross roll computer resolved motion 
about Its axis Into proper inputs to the elevation and deflection computer 
systems so that the roll er bank ef the airplane would Introduce sub- 
stantially no error to the predicted lead angles. Unfortunately, after 
this sight and the necessary assessment equipment had been installed and 
boreelghted in an PC? type fighter aircraft, the plane crashed at sea on 
its initial mission. Ho equipment er experimental data was salvaged. 
However, since the calibration data was exceptionally good, indicating 
that the sight quite probably would have been an improvement over present 
designs, this data has besn included In Appendix 1 of this thesis so that 
It may be used as a criterion in the construction and calibration of 
another three- gyro computing gunslght. 

Because the sight which was lost could not be replaced in time to 
complete the original thesis, a production model of the A-l computing 
ganslght was used as a substitute. Thi* type of sight has two computing 
sections, elevation and deflection, each utilising a slngle-degree-ef- 
frsedom gyre. There is no cress roll computing section, Jn order to 
eespeasate for errors which would be lntroduoed by motion about the cross- 



roll axis of the airplano, the deflection gyro input axle it inclined ten 
degree# from the deflection axle of the airplane. Thle inclination reduce* 
the input effect of the deflection coaponent of the controlled line angular 
velocity from ** V (CL)4 C0B * ** *^e ease tlae the iaclination 

provide • a coaponent of the angular velocity of the computer caee about 
the controlled line ae an Input te the deflection computing system equal 
In magnitude te W »ia 10°. Thle Input both the tracking index in 
a direction to neutralise error* which are produced by notion about the 
cross-roll axle* 

the elevation prediction computer receiver as inputs the effective 
acceleration component parallel to the deflection axis, the angular 
velocity of the computer case about the elevation Input axle, and the 
elevation sensitivity current. It* output la an angular diaplacament 
of its computer ehaft which la the input to the elevation Indicating 
systsau* 

The deflection prediction computer receive* aa inputs the angular 
valoclty of the computer case about the deflection input axis, and the 
deflection eeneltlvity current. The output of the deflection computing 
eyetea la an angular displacement of lta computer ehaft which le the 
Input to the deflection indicating ays tea. 

The elastic restraint stlffneaa motors on ths computer shafts art 
provided with eeneltlvity currents frea the sensitivity control system. 

The sensitivity control system normally has inputs of present range and 
*S«e Symbols sad Definitions 

^Detailed Theory sad Computations for the Arl Sight for tho Control of 
Gunfire from Fixed Guns, Socks tf ire, and Bombing from Aircraft, Tele, 

I and II, by tho Instrumentation Laboratory, M.X.T, 



atmospheric pressure. However, since this investigation was concerned 
vlth the dynamic behavior of the prediction angle et speolfle sensitivi- 
ties, a switch was installed to allow the pilot to select sensitivities 
of 3 , 4, and 6 seconds. The sensitivity varies inversely as ths slastlc 
restraint, an Infinite restraint giving a sensitivity of sero. 

This thesie Is concerned vlth the control of gunfire fro* fixed 
guns In an airplane which flies a pursuit course or curved path. 

Since the Ml sight Is of the disturhed-llne-of-sight type, indirect 
tracking control is used . The sight stoves the tracking Index '’backward* * 
from the controlled lino by the amount of the predicted lead angle it has 
computed . Normally, when tracking is started* the sight is caged until 
the proper angular velocity input# are received ( then It Is uncaged. If 
the controlled line could be moved forward Instantaneously by the amount 
of the correct Indicated prediction angle when the eight is uncaged, an 
Instantaneous solution could be obtained. This Id obviously impost ibis 
becauss a finite time is required for the tracking line to acre to the 
correct position. Thle type of disturbed sight has exponential response 
characteristics so that theoretically it would require an Infinite amount 
of time for a perfect solution to be obtained* Tor practical purposes, 
when 95 percent of the Initial error hat been eliminated, it is considered 
that a satisfactory solution has besn attained. The time interval required 
is called the eolutlon time . The solution time depends upon the dynamic 
response characteristics of the computer mechanisms, and is one ef the 
important element# to bo investigated In this thesis. 

In order to analyse the sight's performance so that it may be compared 
among sights, the stability number of the sight suet be known. The 
stability number, SH, is defined by the following equation: 



s* 



♦ * 



(1) 



(Cf) 

« * 1 
# p(W> 

Stability rxuaber If diroetly proportional to tbs gyre wheel speed am* 
the viscosity of the fluid In the computer ehaft dan par. Sinoe the 

f 

, » 

gyroe art ran by induction meters and their speed ia constaat (at 
determined by tha speed of th* invertor), thf damping ia tha only 
variobl# which Mgr ha changed , Tha damping waa adjusted to fir* a 
stability number of 0,2r This netting va* aade by positioning the 
rheostat la the daaipor heater control circuit, finally, the mechanism 

■JC , , 

ohpirao torie tic tine ia defined at the ratio of the damping coefficient 

< . * 

H the elaetio restraint on the computer shaft} 






(3) 



Since tha angular velocity-prediction angle sensitivity i# alto inversely 

# . , 

proper t lone 1 te the elastic restraint, 

* i (») * *1 • / . 






(3) 



it follow* that the stability number ie independent of elaetio restraint, 

< * ; 

and therefore of range, since range adjustment a control the elaatio re* 

* ( 1 ■ ’ r ' * . ' ' i 

• : * , * 

et taint. Therefore, tha stability member la eons taut, dependent only 
upon the calibration adjustment of the computer damping, It has alee been 

s ! y 1 a 

determined that the tracking ratio le relatad to stability somber as follows. 



* *1 



m. 
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and that the solution time le related te etablllty namber by the formula 



* T " 3 t 1 ** TM * S p(W) 



(5) 



**ee Symbols and Definitions for notation of all options, 
♦ 

deference listed pag* 3 for equations 1, 3, 3, 4, and 6. 
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For the rigorous treatment of this fire control proxies, assuming 

roll Stabilisation and notion restricted to the horliontal planet typical 

, * 

solutions of the following equations hare 'been obtained fr $* \ the Heckefeller 
Differential Analyser of the Massachusetts Institute of Technology* It can 
be teen fro® the equations that angle of attack and target angle vary through- 
out the proble®. 8 p(yj>) *• maintained constant. 

T a o*. (p^ - V / <«) 

\***-K'\ • wh, " k * c ^; * (7) 

" ‘ Swwta " i * <#) 

"T •“ tV * %] - f •*»*, i O) ’ 

Ter the experimental ae well ae for the exaot solution of the problem, 

certain Hal tat lone Imposed by operational aspect* should bo considered. 

* 

With the many parameter* which can be varied, It le necessary to limit 
the seep* of the problem to one typo of pursuit curve. For this project 
St was decided to use only one type of run, restricting it to the herisoatel 

plan* , with an Initial target angle between 00 and ISO degrees* The ratio 

/ * 

of speeds of the attacking and target plane* was about two* The angle of 

attack, although set eere In the actual problem, le assumed to be initially 

? * 

sere and le not considered throughout the solution of the experimental 

/' , : : < . 

— — .i - i— . m m i i i n 

See Appendix II, Figure 1« plots of these solutions and for defining and 
initial conditions 4 

See thesis entitled M Aa investigation of the Performance Characteristics if 
a Computing System for Als**to*Air Interception,* submit ted August, 1947, by 
jbt, Qomdrs. Kefo, Irueo, Cans, and Omig, tJSI, for development of these 
equations • 



problem, although it it Uken into Account by the A-l al£ht . The 
eeneltlrltlee aeXacted were 2, 4, nnd 6 eaconda; elate, nedinn, and 
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CHAPTER I 



APPARATUS 

I. AIRPLANES 

An T7T~2R airplane (night fighter). Assigned to the Naval Air Test 
Center, Patuxent Hirer, Maryland, was need for this project. This plane. 
Bureau Rusher 60294, arrived at Squantua Naval Air Station on July 22, 
1947, for the purpose of calibration of a previously installed A-l uni- 
versal type gunslght hy the Instrumentation laboratory of the Mas sacha- 
setts Institute of Technology. The gunslght was installed in the airplane 
hy the Naval Air Modification Unit, Johnsville, Pennsylvania , Permission 
was granted for the use of the TTf airplane, upon completion of laboratory 
calibration of the gunslght, in obtaining experimental data for thie 
project . 

The target airplane is an 83J-4 type which is used extensively by 
the Army and Very for training purposes. This airplane Is ont of the 
normal oompleoent of planes used for training flights at S quantum Naval 
Air Station. 

The original apparatus for this project consisted of an F6P type 

airplane in which was Installed a three gyro version of the A-l computing 

gunslght, designed and built by the Instrumentation Laboratory at K.I.T. 

After calibration and installation Of the gunslght in the airplane , a 

mechanical failure in the engine in the vicinity of Craves Light, Boston 

Harbor, resulted In a water landing and complete loss of plans and equip-* 

ment.* At the time of the accident, flight test calibration was being 

conducted in order to obtain angle of attack data for various airspeeds 

as well as making a preliminary check for proper sight operation. 

See Appendix I for details of calibration and installation of this 
gunslght. 
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Unfortunately no actual flight teat data *ae obtained. 



II, GUB5I0HT 

A production model A-l computing gunsight, built by the A.C. Spark 
Plug Company, was used in thia investigation. This eight, and ita opera' 
tion, are deacribed elsewhere in thia theaia. 

Bore eight ing of the gunsight vaa accompli ahed by uae of normal bow 
eight equipment fumiahed by the manufacturer of the plane. Lifting 

t 

Jacks for leveling the plane and a portable screen were provided by 
faollitlea at the S quantum Haval Air Station. 

III . OAMKBAS JOB ASSS68KSX7 

Two OSAP Bell and Hevell camera* were used in obtaining tracking 
and flight data. The cameras were magaslne loaded, each magaslne con- 
taining GO feet of Id mm. film. One camera vae mounted in the radar 
operator's petition (rear seat of the 575*), in order to photograph the 
airspeed meter, altimeter, acceleremeter, eweepsecond clock, and the 
bank indicator. The ether camera vaa mounted on the sight head to 
photograph the eight reticle, camera reference marker, and the target 
plane* 1 

Satisfactory photography vae obtained with negative panchromatic 
film, epeed 25, using atop f.ll, and a • butter speed of l/50th second. 

All film vaa processed by the photographic personnel at the Haval Air 
Station, Sgoantum, Mae aacha sett* . 



*».* detailed camera circuitry and mounting, tee Appendix l. Sec . 6 



Bell and Hove 11 motion picture projectors were used for the film 
assessment. The projectors wore adjustable with respect to a fixed 
calibration screen. By means of 100 mil calibration marks on one set 
of exposed film, obtained while boresighting* the screen calibration 
ecalee were cade identical with that on the film by proper adjustment 
of the projector. With this adjustment made, distances on the calibra- 
tion screen could be measured directly in mils. 



CEAPTEH ii 



PLIGHT PHOCJEDUHE 

For the purposes of this report, a mission la dsflned aa a flight 
during vhloh sufficient nmi ware aada to completely expo a a fifty foot 
of assessment camera film (approximately alx runa) . Mlaalona flown la 
the course of thla Investigation lnoludad two familiarization and teat 
flights , and four missions on which data was taken. 

The two familiarization and tact mlaalona vara made la order to 
check the proper operation of the aaaeaament cameras and ta familiarise 
the pilot of the attacking airplane In the operation of the gunalght ami 
In the typo of rone desired. 

Missions for record were made as follows i 

a. The attacking and target airplanes joined tip at aa 
altitude which gave freedom for maneuvering and proper 
lighting for photography. 

t. The target airplane took up a heading and flew at 100 
knots Indicated * at a constant altitude, 
e. The attacking airplane maneuvered into a position from 
which It could make a run which conformed as olosely as 
possible to the standard runs desired. The standard run 
was one which was to ho made on the same horiaontal plana 
at the target airplane , Initial target angle of ninety 
degrees « Initial range of two thousand yards* and an alr- 
speed of 200 knots Indicated. 



At the beginning of a ran the attacking plane's pilot caged the 
eight ’n jeticle, started the camera* « then uncaged the sight reticle after 

first maneuvering hie airplane so that the reticle vas"orf* the target 

* 

aircraft. The pilot then endeavored to track the target in as close ae 
possible before breaking off the run. After the run vas completed, the 
cameras were stopped and the attacking airplane took position fsr another 
run. 
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ORAPTKH III 



DATA GBTAIHSD 

In the assessment of the films of the rune cede, every fourth 
frame vat analysed » This represented conditions at approximately each 
quarter second throughout the tracking run. 

At each franc reed * the location of the reticle in elevation aad 
deflection on the calibrated screen was recorded in nils. By energizing 
the flagging circuit in the camera before the gyro was uncaged* the caged 
position of the reticle was obtained (determined by the appearance of 
the flag in the flln) , The difference between this position and succeed- 
ing positions of the retlole gave the sight prediction angles in elevation 
and deflection, fho difference between reticle and target positions at 
any particular tine was the inaccuracy of the tracking line in elevation 
and deflection. Ho attenrpt was made to separate the inaccuracy into 
error and uncertainty. An inaccuracy in elevation vac considered positive 
If the reticle was belew the target* and an Inaccuracy in deflection was 
considered positive if the reticle was to the left of the target. With 
the assessing scales used* the numbers Increased free right to left and 
fro* the top down. 

Tor frame 8 from the roar camera recording the instrument panel* 
frames corresponding to those of the front camera were analysed* and the 
following wore recorded! airspeed, altitude, accelerations* and elapsed 
tine , Slip or skid were observed* Proa the recorded data, the predic- 
tion singles and tracking inaccuracies were calculated and plotted in 
Appendix It. 
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In order to provide a feeeie for ooaperiton of the experimental data 
with the theoretical data* the mathematical solution* obtained from the 
Rockefeller Differential Analyzer were alto plotted in Appendix II . 
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CHAPT2R IV 



RESULTS 

figure 1 shown plots of the predicted lead angle versus time data 
obtained from differential analyzer solutions of the flight path equations 
approximating those conditions which existed for the actual tracking runs. 
Figures 2 through 15 are plots of similar data experimentally obtainedl 
from the tracking runs. Figure 16 shown two plots; curves of experimental 
and theoretical solution times versus static sensitivity of the sight 
computer, and a curve of tracking line inaccuracy versus static sensitivity of 
the sight computer. 

The theoretical solution of Pa versus tine gives a smooth curve 
starting from the ?ero or caged position of the sight reticle, and rising 
exponentially as the sight generates the proper initial lead angle. The 
slope of this curve decreases after the initial solution is reached. As 
the range decreases and the attacking plane closes in on a tail chase of 
the target plane, the curve then steepens sharply, indicating increasingly 
larger required leads. This plot of lead angle versus time does not 
represent an actual aerodynamic lead pursuit course gunfire problem for 
the following important reason. In an actual problem the static sensi- 
tivity is a variable. It ie a function of present range, or of time of 
flight of the projectile from the attacking plane to the target. As the 
range decreases the tine of flight decreases, which tends to make constant 
the amount of lead necessary in the final stages of the run. As previously 
explained in this report, the static sensitivity was held constant for a 
particular run in order to simplify the investigation. Holding the static 
sensitivity constant during the run actually made it more difficult for the 
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pilot to track: perfectly and consequently increased the ssagnitude of the 
dynamic errors present in the latter stages of each run. 

Inspection of the experimentally obtained curves of predicted lead 
engle -versus time re-veal the gunsight*s solution of the fire control 
problem to be basically the same as the theoretical solution. The 
exponential part of the experimental curves can be clearly delineated 
in each case. After the sight has generated the initial predicted lead 
angle, the curves of predicted lead follow, in general, a sinusoidal notion 
throughout the remainder of the run. 

One of the conditions imposed on the pilot of the attacking airplane 
was that he should track the target with the sight reticle in the caged 
position for about two seconds prior to uncaging the eight. This imposition 
caused a marked divergence in the shapes of ' the curves of ? >e and P #< j versus 
tine. An lnspsotlon of the experimental curves of any run shows that, while 
the P , curve has a generally positive slope throughout the run, the P 

SOL 86 

curvs has An initial positive slope that changes to a large negative one 

just after the Initial solution is reached. In about the last third of the 

run the slope of P curve resumes a generally positive value. The magnitude 

86 

of P , being measured with respect to the longitudinal axis of the attacking 
8® 

airplane, is a function of the angle of bank at any instant, ^or example, 
with the pursuit curve kept in the horizontal plane of the target as it was 
in this investigation, if the attacking airplane were to bank vertically during 
a run, all the lead would appear as an elevation lead angle. 

The explanation of the behavior of the P curve is that when the 
pilot uncages initially, and the eight reticle moves away toward a solution, 
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he has to fly his airplane so that the controlled lino is directed out 
ahead of the target in order to keep the reticle on the target. In 
making this maneuver, the airplane Must he sharply hanked. However, as 
soon as the predicted lead angle becomes relatively stable, the pilot 
must "shallow out" the flight path slightly. In doing so he reduces 
the bank angle and hence the magnitude of the P . When the predicted 
lead angle begins to Increase rapidly near the end of the run, the pilot 
has to increase the angle of bank which results in P increasing positively 
at about the same rate that P . increases. 

SCL 

Since tracking inaccuracies were present In all the experimental runs 
a plot of their average magnitudes versus sensitivity setting has been made on 
Figure 16. The plot shows that the inaccuracy increases as sensitivity (and 
therefore predicted lead angle) increases. This condition probably erists 
because it is more difficult for the pilot to keep the reticle in view when 
the lead angle is large. Furthermore, the tracking line motion (reticle 
motion) is more loosely coupled to the controlled line motion for large 
predicted lead angles. 

The average magnitude of the tracking inaccuracies appearing during 

the runs was larger than expected. However, as it was pointed out earlier 

in this discussion, the static sensitivity was held constant during the run 

and this acts to increase the tr&oklng difficulties. Furthermore, the pilot 

of the attacking plane had little previous experience with this type of 

sighting system. Experimental tests have been made using the disturbed 

type gunelght to track while in shallow dives on a fixed ground target . 

Inaccuracies were found to be in the order of from one to two mils .* 

*9ee Thesis entitled "Experimental Determination of Tracking Inaccuracies of 
Fix^d and Disturbed Ounsights in Fixed Oon Fighter Aircraft, submitted August 24, 
1946, to MIT by Lt.Cadrs. V^P.dePoix, J.J.Hlnman, H.F. Lloyd, R.tf.Rawson, USN. 
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Theoretically the time required for this gunsight to generate a 
solution, after being uncaged, is approximately six tenths of its static 
sensitivity in seconds. This relation is verified on the theoretical 
curves plotted on Figure 1. From the experimental results it was estimated 
that the solution time was approximately twice the theoretical values. 

Roughness of the angular velocity inputs to the sight computer due to the 
pilot's inability to track perfectly was probably the cause of this 
increase in solution time. Vfhile this increase appears to be undesirably 
large, the experimental curves definitely show the sight had generated a proper 
predicted lead angle even for the runs with the highest sensitivity setting 
before the runs were half completed. 

A simple change in the pilot’s procedure of making a tracking run 
would materially reduce the solution time for that run. This change would 
require the pilot to anticipate the approximate lead prior to uncaging 
his sight at the beginning of a run and to position his airplane accordingly. 

It is also considered this procedure would reduce the tracking inaccuracies 
throughout the run by eliminating the necessity of the pilot having to 
track the target during the transient part of the predicted lead solution. 

No attempt has been made in this investigation to determine any errorB 
that might enter the problem due to changes in angle of attack of the 
attacking airplane during the tracking run. These errors, if present, were 
probably small because a study of the data taken shows a maximum change of 
only one tenth *'g" in the linear acceleration on the airplane during the 
course of this particular type run. 
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CHAPTER V 



CONCLUSIONS 

On the basis of the foregoing results, the following conclunlons are 
presented: 

1. The actual time required for a disturbed gunsight to generate 

a solution will always be greeter than the theoretically determined 
tine due to inaccuracies in tracking. 

2. Tracking inaccuracies and sight solution time increase with the 
sight’s static sensitivity. 

3. Dynamic errors will be present in any tracking run due to the 
pilot’s inability to track perfectly. 

4 . Under the conditions of this investigation the tracking 
inaccuracies and sight solution time could have been decreased 
if the attacking plane pilot had followed a procedure of antici- 
pating the approximate required lead at the begiining of a run 
and had positioned his plane accordingly. 
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Control lino. Actual controlled lino position which 
It usually parallel to the hero sight lino of tho air- 
plane . 

Lino of sight to tho target. 

Solution tine , 

Stability number of sight. 

Tracking ratio 

Deflection coordinate of the tracking Index or reticle 
on the projection screen. Measured in ails. 

Herat len coordinate of tho tracking Index or reticle 
on the projection screen. Measured In alls. 

Deflection coordinate of the target on the projection 
screen. Measured In alls. 

Herat ion coordinate of the target on the projection 
sdreen. Measured in alls. 

Sleration or deflection component of Indicated 
prediction angle. 

Indicated prediction angle* or output angle. 

Indicated prediction angle as measured la the 
horizontal plane. 

Damping coefficient of elevation or deflection computer. 

Spring constant of elastlo restraint on election or 
deflection computer theft . 

Angular momentum of gyro rotor about spin axis. 

Present range from attacking airplane to target . 

Angle of attack ef attacking airplane or missile with 
respect to the horizontal. 

Target angle. Angle measured from present line ef 
sight extended te tbs direction of motion ef target. 




Target Telocity measured in knots. 



Attacking airplane yeloolty measured in knots. 



*(OL)(e or d) 



novation er deflection component of angular velocity 
of controlled lino. 



W (Ca)o 



Angular velocity of computer cate about oontrollad 
lint. 



*i(e or 4) 



Herat Ion or daf loot Ion component of angular velocity 
Input to gyr o element. 




Cross roll component of angular Telocity Input to 
gyro element (sane at *CH In Appendix X) . 

Mechanism characteristic time. 



*p(WP)(e op d) 



Angular velocity-prediction angle sensitivity of 
elevation or dof loot ion prediction system. 



S /.* , r * Angular velocity-prediction angle eensitiTlty of 

™ * ' deflection or elevation predlotloa eyetem due to 

arose roll ♦ 



S p(WP)(e er d) 
8 i(AP)(o or d) 

A c(e or d) 

A 

or 

# (Ao)(o or d) 
*(Ao)(e or d) 

Sr 

8PB 

(l)?L (o or 4) 
*(dpo) 

V s 

40 . 

— k 
da 



Angular velocity-prediction angle rate sensitivity 
of elevation or deflection prediction eystea. 

Sensitivity of elevation or deflection indicating 
system with computer shaft angle Input prediction 
angle output. 

Iteration or deflection computer shaft angular dis- 
placement from reference position. 

Angular displacement of croet roll computer shaft. 

novation or deflection pictooff voltage proportional 
to angular displacement of elevation or deflection 
computer shaft. 

Croee roll pickeff excitation current proportional 
to elevation or def lectio* plckoff voltage * 

Hattie reotraint excitation current. 

Seasitivlty period ratio 

Inaccuracy in tracking lino position. 

Pressure output frees pitot statle head. 

Wing loading of airplane. 



Slope of lift curve of airplane. 
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calibration aid installation procedure followed im the assessment of a 

THREE OTRO LEAD CONFUTING SIOHT DESIGNED EXPRESSLY FOR TEST IN THE FSF 
NATT FIGHTER AIRCRAFT 



PREFACE 



The calibration procedure end data contained herein constitute 
work done on a theole which waa concerned with an investigation of 
varioue properties of a gyroscopic lead computing sighting aretes, 
ueing the dlaturbed line of eight principle. Work on thia thesis 
waa tarainated when the aircraft in which the equipaent waa inatalled 
crashed. However, eince the sighting aretes performed ao well that 
a similar system will be built in the near future , the procedure and 
data are published for reference. 

The sight with its component parts waa designed and manufactured 
br the Massachusetts Institute of Technologr Instrumentation Laboratory 
for thia thesis. Its design closely follows that of the A-l sight 
developed by that laboratory for the Army Air Forces. Some of tha 
modifications mads on the A~1 tight for this investigation were: 

1. The installation of a third gyro for the purpose 

of checking the effects of cross roll on the computing 
problem. 

2. Components which correct for gravity drop end linear 
acceleration were omitted. 

3 . Air density correction unit was omitted. 

4. Present range Input was omitted. 

5. Certain other components, required when the eight is 
to be used as a bomb or rocket sight, vers omitted. 
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\ 

These, codifications of the basic sight were made during its construction 
in order to simplify its manufacture. Sines the object of the investiga- 
tion of this type of lead computing sight was* in brief, to determine 
qualitatively its practicability as a sighting system and as an inter- 
ception course computer, the exact eolution of the air to Air gunfire 
problem for a particular weapon was not attempted. Hence, such factors 
as 2 , 3, 4, and 5 above were omitted. 
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LIST 07 LABORATORY SnUIPMINT USED IN THE BENCH CALIBRATION OF TH3 SIGHT 

1. Electrically driven, variable speed turntable . 

2. Stop watch, scales, and mirror. 

3. Ammeter for measurement of current in the night 'a atlffnaaa 
mot ora . 

4. A suitably mounted spherical segment with deflection and 
•legation marks Inscribed. 

5» Mounting base for the computer case Inclined 30 degrees to 

the horizontal fer mounting the computer case on the turntable. 

6. Oscillating table to provide sinusoidal motion to computer case. 

7. 28 volt d-o supply. 
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LIST OF ILUJSTRATIQS8 

X. Sighting* Syaten Assenbled for Laboratory Calibration 

2. Bight head 

3. Computer Unit 

4. Mirror Servo Amplifier Unit 

5. Pilot’* Control Bor* front View 

6. Pilot '* Control Box* Botton View 
? . 400-oycle Inverter 

8 . Pynanotor 

9 . Tracking Index a* Soon by Sight head Oacora 

10 « Instrument Panel ao Soon by Instrument Camera 



CALIBRATION AND INSTALLATION PROCEDURE FOLLOWED I* THE ASS IS SKINT 0? A 
THREE OYRQ LEAD COMPUTING NIGHT UNSIGNED EXPRESSLY FOB TINT IN TII T6T 

NATT FIGHTER AIRCRAFT 

I . ARRANGEMENT OF THE COMPONENT PARTS OF THE SIGHTING SYSTW FOR 
LABORATORY CALIBRATION 

The input signal to ths computer case is an angular Telocity of 
the airplane about the roll and pitch axes. To simulate these Inputs * 
the computer case was rigidly attached to a wooden frane which la turn 
was aouhted rigidly to an electrically driven* variable epeed turntable. 
In order to obtain Inputs about either the elevation or deflection axes 
without tipping the conputer 90 degrees away fron the vertical* the 
wooden frane vat built eo that the actual angle between the plane of 
rotation of the turntable and the elevation input axle was 30 degrees. 
Therefore* the actual input angular velocity was not that of the turn* 
table* but the turntable angular rate Multiplied by the elne of 30 
degrees for the elevation unit* and by the cosine of 30 degrees for the 
deflection unit. In order te avoid confusion between the elevation and 
deflection systems when Making angular Measurements, the computer 
syetea not in use was made inoperative by deenergising ite gyro. In 
addition* the cross roll conputer system's eleotrloal conneotlons te 
the sight head Mirror servos were disconnected by mease of a switch on 
the pilot* e control box* except during the calibration of the cross roll 
system. 

The sight head was clamped to a rigid stand In a position to 
permit the eight's tracking index to be reflected, by means of a mirror 
attached to the eight head's reflecting glass, onto the spherical seg- 
ment having elevation and deflection scribe marks. It was necessary to 
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properly orient the spherical segment so that its scale of elevation 
and deflection merles actually denoted mils angular movement of the 
tracking Index. The remaining eight component* were located nearby 
so at to he easily accessible for adjustment. 

II. CALIBRATION OT TEE 2LEVATI0N PREDICTION ANGLI COMPUTING SYST2M 
a. STATIC SMSITItlTT 8 

The static sensitivity depends on the magnitude of current flow 
in the stiffness motors on the elevation, deflection, and cross roll 
computer shafts. In this sighting system, the sensitivity of both tha 

elevation and deflection computers is controlled by means of a switch 

. > * 

on the pilot’s control box. This awl t oh has ten detented positions 

for regulating the stiffness motor currents, and the purpose of this 

calibration was to adjust the current at each position to obtain a 

•# 

range of sensitivities from xero to five seconds, in ten approximately 
equal increments. 

With the sight energised And in operating condition, but with 
the deflection gyro disconnected and the cross rpll olrcult turned off, 
the determined la the following manner. 

An angular velocity Input was applied to the computer ease and 
the elevation prediction angle generated on the spherical segment 
corresponding to this Input was noted. Data was recorded for each run 
as follows: angular velocity Input, elevation prediction angle, sensi- 

tivity setting, and stiffness motor current. Snough runs were mads to 
cover adequately the range of elevation prediction angles from sero to 
plus and minus 250 mils. 



A plot of prediction angle versus angular vslooity input about the 



elevation axis for each sensitivity setting gave a • arise of points 
through vhioh a straight line was drawn. The slopes of these lines are 
the S p(vjp) a ▼alues for the various sensitivity settings. Stiffness aotor 
current was adjusted in each case until the proper slopes vers obtained. 

Adjustment of maximum (sensitivity to a specified value was aade 
by altering the amount of stiffness motor current through the elevation 
stiffness motor. In this calibration! sensitivity setting number 1 
corresponded to a maximum sensitivity, and was adjusted to five seoonds 
by means of a potentiometer In the elevation sensitivity control ampli- 
fier circuit marked *'L '* in figure 2. The adjustment ef the sensitivity 
current for ar^ particular setting of the control switch affected the other 
sensitivities, and it wae necessary to recheck all positions as changes 
were made. The final plot of prediction angle versus input angular 
rsloclty appears In figure 3, and the slope* of these lines were then 
taken and plotted agalnet eeneltlvity setting, and are shown in figure 4. 

b. STABILITY 1TOMBSB (SS) 



The next step In the calibration procedure wae to adjust ths 
damper fluid temperature to yield a stability number of 0.2 for the 
elevation computing system. Stability number is a function of gyro 
wheel speed and of damping on the computer shaft. The gyros wsre run 
by induction motors at a constant speed determined by the speed of 
the inverter. Thus* with constant gyro wheel speed* stability number 
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was directly proportional to viscosity of the damping fluid. The 
viscosity of the fluid in each computer shaft damper was controlled 
by a rheostat in the damper heater circuit , and a 13°F change in 
heater temperature produced a 16 percent change in viscosity. 

The method of setting stability number consists of determining 
the elevation computer ey stem’s angular velocity input - rate of change 
of prediction angle output ratio, *ith the stiffness motor 

excitation current turned off. Knowing this value, the etability 
number can be determined from the relationship 

( 88 ) • * • * 1 
S p(OT>)e 

The average rate of change of prediction angle was determined by timing 
a eight elevation change of 300 ails resulting from a known angular 
velocity input to the elevation computer system. 

As a means of determining stability number rapidly, a series of 
graphs were plotted, Figures 6 and 6 for elevation and Figure 7 for 
deflection. These graphs are a plot of time for the tracking index 
to travel 300 milt versus Input angular rate, and the equation for the 
lines is derived as follows t 



(1) 


(SB) . , 1 . 




S p(WP) 


(2) 


« 

S P (W). * 



substituting (2) in (1) 
V CL 

(SIT ♦ 1) » 

Let Pp|» *^p ails/ sec 

then t . m SL ±2L 
W CL 
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In the above formula i» the actual Input angular velocity In rile 
per second. This le obtained from turntable angular velocity by mul- 
tiplying the latter by the sine of 30 degrees for this case, and by 
the cosine of 30 degrees for the deflection system. However, the 
turntable angular rate Is the parameter listed on the curves to facili- 
tate the laboratory calibration. Thus, if time, t, is taken for a 
particular traverse of 300 oils using a given value of turntable angular 
velocity, the stability number can be rend directly from the graph. 

The stability numbers thus obtained are plotted for the various 
angular velocity inputs in Figure 8. Final damper temperature setting 
was 189°F for the elevation computer . 

c. M2CHANISM CHARACTERISTIC TIMS (CT) 

IQ 

The mechanism characteristic time for the elevation computer 
system was determined In the following maimer. With the case at rest, 
and only the elevation gyro energised, the elevation computer shaft 
was deflected manually In order to generate an elevation prediction 
angle of approximately 150 mils. Using a stop watch, the time interval 
was determined between a particular elevation prediction angle and 
another which was l/e, or 37 percent of the first reading. Data was 
taken using both elevation and depression angles, and at as many 
settings of the sensitivity control switch as it was possible to tlaa 
the tracking Index accurately. Due to the inherent inaccuracies of 
this type of measurement, several readings were taken at each sensitivity 
setting, and their average assumed to be the correct (CT) q . The values 
of mechanism characteristic time thus determined are plotted In Figure 9. 
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d. chbok of calibration 



The sensitivity and the stability number of the elevation oomputer 
having Seen tat at described in sectione a. And b. above, and the mechanise 
characteristic tine recorded* the overall calibration nay be cheeked froa 
the formula 

<?B) » - 1 

S p(W>) 

Tho stability number thus determined should agree with the stability 
cumber as sat in b. The plot of (S£) from the above formula is shown 
in Figure 10. Since (CT)m and . S are very nearly equal in magnitude, 
and their ratio is only slightly different from unity, which is sub- 
tracted from the ratio to give the stability number, only a coarsa 

agreement of stability numbers can be expected . 

* 

III. CALIBRATION OF THE DEFLECTION SYSTEM 

a. DEFLECTION STATIC SENSITIVITY - # p ^) d 

Far the purposes of this investigation the ®p( sP j d wa# “*4* a* 
nearly as possible the same value as the * or the various sensitiv- 

ity control settings. In order to aoconplish this two current adjust- 
ments had to be made so that the current flow through the elevation 
stiffness motor was not affected by the adjustment of the potentiometer 
across tho deflection^ccil*. In Figure 2 # the coarse adjustment 

was made on the deflection stiffness motor potWtiomeJfcer marked **M" to 
bring the 8 p (yp)g up near its required sensitivity. Then the current 
through the complete stiffness motor circuit was readjusted by the gain 
control marked H K" so that the current through the elevation stiffness 
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motor coll was its previous value. A quick check of 
of the sensitivity control Betting* could verify this adjustment. Hot 
having changed the position of the computer cese on the turntable from 
Ite position for the *p(#P)e tfc® turntable angular velocity was 

modified by the cotine of the tilt of the counting frame (30 degrees) 
to give the actual Input angular velocity about the deflection axle. 

Data of Ps^ versus Input angular velocity ie plotted In figure 11. 
✓ 

The S p(yp)£ represented by the slope of the line connecting point# 
thus determined for any particular seneitivity netting on the control 
box. Those value# of nre plotted against sensitivity setting 

in Figure 4, which aleo shows ®p(wj>) e * ^ or conparieon. 

b. STABILITY HUMBER (SN) 

The (Sll) for the deflection system was #et at 0.80, which was the 
same value a# set on the elevation syeten. This calibration was cade 
in the . sane manner ae explained in the previous section. The final 
temperature setting on the deflection computer damper was 173. 5°7, 
and the plot of stability number versus angular velocity input is shown 
in Figure 6. 

c. KECHAHI3H CHARACTERISTIC TIME (CT)m 

Mechaniem characteristic time wa# determined, as described in 
part 2, section <*, and le plotted in Figure 7. 

d. CHECK OF CALIBRATION 

A check on the overall calibration of the deflection system by 
determining SR from the formula 

sk.JMe--! 

p(w)d 

was made, and the results are shown in Figure 8. 
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If. CALIBRATION OP TID5 CROSS ROLL SYSTW 

The calibration of tha sight's cross roll correction system vas 
divided Into two steps! first, ths adjustment tha static sensitivity, 
designated as j>)ca » component of the cross roll system 

which corrects the deflection prediction angle for cross roll effects, 
and second, the adjustment of the static sensitivity, designated as 
8 p(WP)CR ' °* component of the cross roll eystea which corrects 
ths elevation prediction angle for oross roll effects. 

The computer case was set up as In the previous calibration with 
the angular velocity of the turntable, modified by the angle of tilt 
of the mounting frame, supplying an Input to the cross roll computer 
system. Inspection of the functional diagram picturing the effect of 
ths eross roll system on Pt^, Figure 12 , ehows the Inputs deeired for 
the calibration and the factors which are Included In the resulting 
correction. W vas supplied by the rotation of the tilted computer 

V* 

case. A constant elevation prediction angle, Ps q , was obtained by 
deenergising the elevation computer's gyro and rotating the elevation 
computer shaft a measured amount and restraining it In that position 
during ths run. The deflection computer's gyro vas deenergized so that 
It made no contribution to the deflection prediction angle. Kenoe tha 
deflection prediction angle generated woe the product ef the present Ps^, 
the gain (kg) of the deflection cross roll amplifier, and the angular 
velocity Input (W cy ) to the oroee roll computer shaft. 

With the eetup as described abovs, runs were made and the following 
data takem Vf , (turntable speed corrected for mounting frame tilt), 

CT 

p. 6 * PS 4 , the elevation computer system sensitivity setting, and 
deflection cross roll sensitivity setting* 
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Fro* the data, a plot of Pe^ versus the product of cross roll 

angular velocity (W ) and the elevation eight prediction angle vu 

cr 

node. See Figure 13. The elope of thie curve plotted represent® 
the deflection cross roll sensitivity C S p(^p)Qg ] • If written In 
equation form, 



> p(WP)CR d 



I&- 

V Ps 
cr e 



In order to have enough points on the plot to give a representative 
curve the runs were node with Pe value from 60 to 200 nils and with 
S p(WP)e from a minimum to a maximum of 5 seconds. The cross 

roll sensitivity control unit was designed to give a choice of four 
sensitivities. Is specified these sensitivities were to vary In equal 
snltiple# from 1/4, 1/2, 3/4, and 1 of the product of the elevation or 
deflection sensitivities and the sum (1 ♦ SN) . With the maximum cross 
roll sensitivity setting used the wa * ^Justed to its proper 

value by adjusting the gain (k^) of the deflection cross roll amplifier. 

To adjust the cross roll sensitivity settings at 3/4, 1/2, and 1/4, the 
maximum value, an ohmeter was used to calibrate the settings of the 
variable cathode resietors of the. 6SN7 tube in the deflection cross 
roll amplifier employed as gain controllers. The cathode resistance 
for a certain setting was adjusted so as to be in proportion to the 
resistance for maximum sensitivity as the sensitivity for that setting 
was in proportion to the maximum sensitivity. Those resistors are 
labelled * # T," M 8, ” **P, M M Ct/* and '*0 M in Figure 15, the 

electrical wiring diagram of the sight system. 

Calibration procedure for the elevation cross roll sensitivity was 
conducted In a similar moaner to the procedure described above. Figure 14 
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shows Ps versus (Ps.)(W ). Figure IB it a plot of the result* of 

• u cr 

these calibrations and shows the cross roll sensitivities obtained as 
a function of the sensitivity setting on the control box* 

The cress rail mechanism characteristic tine was set equal to the 
elevation and defleotlon system (CT)m indirectly while checking the 
response of the cross roll computer syatea to a sinusoidal input notion. 

This procedure is described in the next section wherein, fron the 
results, the (SN) was determined and adjusted to the specified value 
by varying the temperature of the damper fluid in the damper unit on 
the crocs roll computer shaft. 

▼. CHECK OF THE SIGHT’S DYNAMIC PERFORMANCE TO A SINUSOIDAL FORCING MOTION 
In order to evaluate the dynamic performance of the lead-computing 
sight, the sight computer case was subjected to a sinusoidal motion, the 
amplitude and frequency of vhleh was known. The motion of the eight 
reticle was measured with respect to the amplitude and phase of the 
forcing motion. The results were determined ac a ratio of the amplitude 
of the response to the amplitude of the forcing motion at cero forcing 
frequency, and a phase angle of the response, with respect to the forcing 
motion which was given a negative sign when the output leads the Input. 

Equipment used to produce a sinusoidal forcing motion consisted 
of a flat table oscillating about a vertical axis and driven by a 
variable speed electric motor through a rotating shaft - rocker arm 
arrangement. The oomputar case was mounted rigidly on the oscillating 
table utilising the tilted mounting frame described in the previous sections. 
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Mounting the case In this fashion permitted checking the elevation* 
deflection* and cross roll systems without having to shift the computer 
case between rant* 

fe set and measure the amplitude of the forcing motion a beam of 
light was projected a measured distance from the oscillating table onte 
a stationary background . The distance was great enough to allow com- 
puting the amplitude of angular motion by dividing the distance from 
the center of oscillation to the light epot on the wall background by 
the distance through which the light spot travelled when the oscillation 
table was slowly moved through one-half cycle. 

The sight head was mounted eo as to allow an obssrver to watch the 
sight reticle move with respect to a stationary background a known 
distance away from the mirror in the eight. When the distance the 
reticle appears to move on the wall is observed and measured, the angular 
motion of the sight reticle would be determined and compared to the input 
amplitude forced on the computer oats. 

To detormlne the phase relation* the eight reticle was illuminated 
by means of a neon light fired in synchronism with motion of the oscillating 
table through an electrical contactor which made contact once each cycle 
* of the table’s motion. Thais after marking the reticle position on the 
wall for a very slew (sero) input motion, the phase shift for any fre- 
quency could be determined by shifting the illuminating contactor eontrol 
until the reticle flashed on at its position for sero input motion. The 
angle of shift was read from a protracter scale on the illuminating control. 

As in the calibration of the elevation and deflection system sensi- 
tivities, the input motion was modified by the angle of tilt of the com- 
puter case mounting frame. 
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To evaluate the elevation and deflection lyittn' dynamic performance, 
their amplitude and phase response were measured for various frequencies 
from near sero to about 1.3 cycles per second. The amplitude response 
ratio and the phase chlft angle were plotted as functions of the sensi- 
tivity-period ratio. The static sensitivity had been determined pre- 
viously for the particular sensitivity control setting used, and the 
period Is the reolproc&l of the oscillation frequency in cycles per 
second. These plot a are shown In Figures 16 and 17. Included on 
these plots art curves determined by theoretical calculation as given 
In a reference*. As can be seen, the dynamic response of a sight 
depends on the stability number of lte computer system. Therefore, in 
comparison with the theoretical values plotted on Figures XTI-9 and 
XTI-17 of the reference* this test oould be used to substantiate the 
(SN) setting on the computer systems. 

The final check ts be made on the oscillating table was to get the 

response of the cross roll computing system. To do this the elevation 

gyro wheel was deenergised and its computer shaft deflected and restrained 

at an angle to produce an elevation prediction angle which was measured. 

The deflection computer system was made Inoperative by deenergizing its 

gyro. The cross roll sensitivity control was eet to a value of 

S p(VF)ca previously determined. Fow with the computer case oriented 

on its tilted mounting frame so that the cross roll gyro received a 

component of the sinusoidal input motion, the amplitude and phase 

* Detailed Theory and Computations for the A-l Sight for the Control of 
Qunfir# from Fined Ouns, Socket Firs, and Bombing from Aircraft. Vol. 

II, Appendix XTI, Sections L and P, prepared by the Instrument Labora- 
tory of the Maeeaohusetts Institute of Technology. 
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relationship of the deflection prediction angle produced by the erost 
roll was measured and the data used to compare with the theoretical 
calculation ae in the case of the elevation and prediction eyeless* See 
figures 16 and 17* 

This method of checking the cross roll computing system provided a 
convenient means for adjusting the (SV) of the cress roll eye tea to a 
specified value* since the (SR) is a paraaster affecting the positioning 
of the curves of figures 16 and 17 (sinusoidal response curves). The (SH) 
was adjusted as before by adjusting the temperature of the damper fluid 
in the damping case on the cross roll computer shaft* 

71. CAK5BA INSTALLATION 

Two OSAP (gun sight aiming point) cameras* AS-6A* were installed 
In the F6P for recording data during each run. One camera* attached 
to the sight head, photographed the tracking index and the target plane; 
the other* focused on the Instrument panel* photographed the following 
instruments; step watch, airspeed meter* altimeter, turn and bank 
indicator* artificial horizon, directional gyro, and accelerometer. 

Inasmuch as ths standard OSAP camera is provided with a fixed 
focus lsns* focused at infinity* it vas necessary to adapt another lsns 
to the camera photographing the last rumen t panel* The lens used vas 
the Kodak Astlgmat* f2. 7, 16 mb* which permitted focusing on the instru- 
cent panel 30.5 lnohes distant, lo mofldlcatlon of ths camera frame 
was necessary; a suitable adapter vas manufactured to fit in the lens 
socket for the fixed-focus lens, and was held in place by a set screw. 

The adjustable lsns was then placed in the adapter. 



16 



To locate this camera so that it would photograph the desired instru- 
ments, it waa necessary to mount it in a position Just above the left 
shoulder of the pilot. To do this* the catapult headrest and ansor 
plate were removed, and a suitable bracket for holding the camera was 
secured to the after bulkhead of the cockpit. Although this arrange- 
ment placed the camera and bracket quite close to the pilot** head, it 
vaa accepted since it obviated the construe tion and installation of a 
separate Instrument theatre in the fuselage of the plane. 

The external wiring diagram for the camera circuit is shown in 
Figure 18. The operation of the camera is as follows: 

1. Close battery switch, master armament switch, and camera switch. 

2. Close gun switch on control stick starting camera. 

3. Close coding and gyro caging switches simultaneously at the 
start of the firing run. 

Closing the coding switch actuates a small flag inside each camera 
in the field of the film and permits synchronisation of the two films. 
When the coding switch is opened prior to releasing the gun switch on 
the control stick, the film is again coded by the flags. At any inter- 
vening time the pilot can flick the coding switch to obtain additional 
time checks . This coding feature was Incorporated in order to make the 
^valuation of the film easier, since it was a means of positively 
establishing Identical time intervals on the two films . 

The above separate coding feature necessitated a modification of 
the standard Internal wiring circuit of the GSAP camera. The modified 
circuit is shown in Figure 19. With the standard circuit, the camera 
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runt from one to five second* (according to the overrun setting) after 
the gun switch it opened, and the film 1 b coded only at the beginning 
and end of each run. However, with the modified circuit, additional 
coding my be obtained through the use of a separate twitch. The 
change within the camera cate it to ditconnect the lead to the overrun 
magnet from terminal Ho. 2, standard circuit, and connect thi* lead to 
terminal Ho. 4, modified circuit. This modified internal circuit, 
together with the external operating circuit, permits simultaneous 
uncaging of the gyro and coding of the film, and any additional 
synchronization coding desired. 

▼II. INSTALLATION OF THE three-gyro computing gunsight's components 

IK THE MODEL T6T HATY AIRCRAFT 

a. SIGHT HEAP 

The sight head, specially designed for this project, was mounted 
in the normal gunsight position. A eight mounting bracket was cade, 
and was secured by four bolts to that part of the eirplane*s structure 
which normally supports the sight. To prevent any vibration of the 
sight head, additional supports were employed. These supports consisted 
of two rigid steel straps running from the sides of the sight to the 
windshield frame directly above. 

The eight reticle caging switch, to be operated by the pilot’s 
left hand, was mounted on the cockpit sill Just over the throttle on a 
switch box which also contained the gun camera’s coding switch. 

b. PILOT’S CONTROL BOX 

The pilot's control box with its master switch, damper heater switch 
and indicator lights, and sensitivity control switches, was shock-mounted 
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over the right rudder her under the pilot'* instrument panel by man* of 
two clasp* secured to the rudder bar and on* holt attaching to the fire- 
wall at the rear of the control box, 

c. computer Cass t serto amplifier, dykakotor, attd iryertep. uhits 

The computer case, servo amplifier, dynaraoter, and inverter unit* 
vero installed in the fuselage of the airplane behind and below the 
pilot's eookpit. They were mounted on bases previously occupied by 
night-fighting radar equipment, which wa* removed from the airplane 
in order to accommodate the gun sight *a equipment. Eleptrical power 
for the eight eystem vat obtained from the junction box which contain* 
a fitting for supplying power to the airplane'* electrical system from 
an external nource. 

d , GOnBIGH? CAMERA REFEREJTCB MARKER 

A gunsight camera reference marker! which consisted of a steel 
rod with a beaded tip» was mounted ahead of the windshield on the 
fuselage at a position just aft of the engine nacelle. The purpose of 
this marker was to provide a reference point in the assessment camera 
film from which lead angles could be determined. 
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